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[57] ABSTRACT

An illumination device, includes a secondary light
source forming system having a deflecting member
with a conical light deflecting surface for transforming
received light into substantially ring-like light, the sec-
ondary light source forming system forming a ring-like
secondary light source by using the ring-like light; and
an optical system for projecting divergent lights from
portions of the secondary light source obliquely onto a
surface to be illuminated so that the projected lights are
superposed one upon another on the surface.

60 Claims, 18 Drawing Sheets
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ILLUMINATION DEVICE FOR PROJECTION
EXPOSURE APPARATUS

FIELD OF THE INVENTION AND RELATED
ART

This invention relates to an illumination device and a
projection exposure apparatus using the same. More
particularly, the invention is concerned with an illumi-
nation device usable in a microdevice manufacturing
exposure apparatus (called a stepper) for illuminating a
pattern formed on a reticle in a manner easily attaining
high resolution. In another aspect, the invention is con-
cerned with a projection exposure apparatus using such
an illumination device.

Semiconductor device manufacturing technology has
recently been advanced significantly and, along with
this, the fine processing technique has been improved
considerably. Particularly, the optical processing tech-
nique has pressed the fine processing into a submicron
region, with the manufacture of a device of 1-megabit
DRAM. A conventionally adopted method for improv-
ing the resolution is mainly to enlarge the numerical
aperture (NA) of an optical system while fixing an expo-
sure wavelength. Recently, however, it has been pro-
posed and practiced to use an exposure wavelength of
i-line in place of g-line, in an attempt to improve the
resolution in accordance with an exposure method
using an ultra-high pressure Hg lamp.

Along with the advancement of using g-line or i-line
as the exposure wavelength, the resist process itself has
been advanced. Such improvements in the optical sys-
tem and in the process together have accomplished
rapid advancement of optical lithography.

Generally it is known that the depth of focus of a
stepper is in inverse proportion to the square of the NA.
It means that enhancing the resolution into a submicron
order necessarily results in a problem of decreased
depth of focus.

In consideration of this problem, many proposals
have been made to use shorter wavelengths, as repre-
sented by an excimer laser, for enhancement of the
resolution. It is known that the effect of using a shorter
wavelength is in inverse proportion to the wavelength,
and the shorter the wavelength is, the deeper the depth
of focus is.

On the other hand, independently of using light of
shorter wavelength, many proposals have been made to
use a phase shift mask (phase shift method), in an at-
tempt to improve the resolution. According to this
method, a mask of conventional type is locally provided
with a thin film that imparts to light incident on it a
phase shift of 180 deg. relative to the light incident on
the remaining portion. An example has been proposed
by Levenson of the IBM corporation. Here, if the wave-
length is denoted by A, the parameter is denoted by k;
and the numerical aperture is denoted by NA, then the
resolution RP can be give by:

RP=kiA/NA

It is known that the parameter k;, whose practical
range is usually taken as 0.7-0.8, can be improved to
about 0.35 with this phase shift method.

There are many varieties of such a phase shift
method, as referred to in a paper by Fukuda et al (“Nik-
kei Microdevices”, July 1990, from page 108).
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However, there remains many problems in practi-
cally using a phase shift mask of spatial frequency mod-
ulation type to improve the resolution. Examples are as
follows:

(1) Unestablished technique for forming a phase shift
film;

(2) Unestablished CAD technique optimized to a
phase shift film;

(3) Existence of a pattern to which no phase shift film
can be put;

(4) Necessity of using a negative type resist (in rela-
tion to problem (3); and

(5) Unestablished technique for inspection and cor-
rection.

Under these circumstances, the phase shift mask
method cannot be easily practiced in the semiconductor
device manufacturing processes.

An exposure method and apparatus which attains
enhanced resolution through an appropriately struc-
tured illumination device, has been proposed in Japa-
nese patent application No. 28631/1991, filed in Japan
on Feb. 22, 1991, in the name of the assignee of the
subject application.

In this exposure method and apparatus, such an
oblique projection illumination system is adopted
wherein particular attention is paid to a high spatial
frequency region around a k; factor of 0.5. This illumi-
nation system assures a deep depth of focus in the high
spatial frequency region.

SUMMARY OF THE INVENTION

Practical semiconductor device manufacturing pro-
cesses include on one hand a process wherein high
resolution of a pattern is required and, on the other
hand, a process wherein a not so high resolution of a
pattern is required. Thus, what is desired currently is a
projection exposure apparatus which can meet the re-
quirement of various resolution performances to be
satisfied in various processes.

It is accordingly an object of the present invention to
provide a variable or adaptable illumination device or a
projection exposure apparatus using the same, by which
a suitable illumination method appropriate to the resolu-
tion actually required can be selectively assured with-
out decreasing the efficiency of utilization of light.

In accordance with an aspect of the present inven-
tion, there is provided an illumination device in which a
light emitting portion is disposed in the neighborhood
of a first focal point of an elliptical mirror. By using the
light from the light emitting portion and through the
elliptical mirror, an image of the light emitting portion
is formed in the neighborhood of a second focal point of
the elliptical mirror. Light from the image of the light
emitting portion is projected through an optical integra-
tor having a plurality of small lenses disposed two-
dimensionally to illuminate a surface to be illuminated.
An optical device is disposed demountably out of the
light path, between the elliptical mirror and the integra-
tor, to deflect the light in a predetermined direction, to
thereby change the light intensity distribution at the
light entrance surface of the integrator.

In accordance with another aspect of the present
invention, there is provided an illumination device in
which a light emitting portion is disposed in the neigh-
borhood of a first focal point of an elliptical mirror. By
using the light from the light emitting portion and
through the elliptical mirror, an image of the light emit-
ting portion is formed in the neighborhood of a second
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focal point of the elliptical mirror. This image is imaged
again by an imaging system on the light entrance sur-
face of an optical integrator having a plurality of small
lenses disposed two-dimensionally, and a surface to be
illuminated is illuminated with the light from the exit
surface of the integrator. An optical device is disposed
demountably out of the light path, adjacent to the pupil
plane of the imaging system, to deflect the light in a
predetermined direction, to thereby change the light
intensity distribution at the light entrance surface of the
integrator.

In accordance with a further aspect of the present
invention, there is provided an illumination device in
which light from a light source is projected through an
optical integrator having small lenses disposed two-
dimensionally to illuminate the surface to be illumi-
nated. Between the light source and the integrator, an
optical device for deflecting light in a predetermined
direction is demountably inserted to the light path, to
thereby change the light intensity distribution at the
entrance surface of the integrator.

In accordance with a further aspect of the invention,
there is provided an illumination device in which a light
emitting portion is disposed in the neighborhood of a
first focal point of an elliptical mirror. By using the light
from the light emitting portion and through the ellipti-
cal mirror, an image of the light emitting portion is
formed in the neighborhood of a second focal point of
the elliptical mirror. Light from the image of the light
emitting portion is projected through an optical integra-
tor having a plurality of small lenses disposed two-
dimensionally to illuminate a surface to be illuminated.
An optical device including at least two prism members
is disposed demountably out of the light path, between
the elliptical mirror and the integrator, to deflect the
light in a predetermined direction, so as to allow selec-
tion of a first state in which a light intensity distribution,
of rotationally symmetric, having a higher intensity at
its central portion than at the peripheral portion is de-
fined at the entrance surface of the integrator and a
second state in which the light intensity distribution
having a higher intensity at the peripheral portion than
at the central portion is defined at the entrance surface
of the integrator.

In another aspect, the invention provides a method of
manufacturing microdevices such as semiconductor
memories, liquid crystal panels, magnetic heads or
CCDs, for example, using an illumination device such as
above.

In a further aspect, the invention provides an expo-
sure apparatus for manufacture of microdevices that
uses an illumination device such as above.

The deflecting member usable in the present inven-
tion may be of the type that it refracts light at its light
deflecting surface to shape or divide the light, or that it
reflects the light at its deflecting surface to shape or
divide the light.

These and other objects, features and advantages of
the present invention will become more apparent upon
a consideration of the following description of the pre-
ferred embodiments of the present invention taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic view of a main portion of a first
embodiment of the present invention.

FIGS. 2A, 2B and 2C are schematic views, respec-
tively, for explaining a portion of FIG. 1.
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FIGS. 3A, 3B and 3C are schematic views, respec-
tively, for explaining a portion of FIG. 1.

FIG. 4 is a schematic view for explaining the optical
function of a lens system 9 of FIG. 1.

FIG. § is a schematic view for further explaining the
optical function of the lens system 9 of FIG. 1.

FIG. 6 is a schematic view for further explaining the
optical function of the lens system 9 of FIG. 1.

FIGS. 7A and 7B are schematic views, respectively,
of a modified form of prism member usable in the pres-
ent invention.

FIGS. 8A and 8B are schematic views, respectively,
of a further modified form of a prism member usable in
the present invention.

FIG. 9 is a schematic view of a portion of a second
embodiment of the present invention.

FIGS. 10A-10C are schematic views, respectively,
each for explaining a portion of a third embodiment of
the present invention.

FIGS. 11A and 11B are schematic views, respec-
tively, each for explaining the optical function of the
third embodiment.

FIGS. 12A and 12B are schematic views, respec-
tively, each for further explaining the optical function
of the third embodiment.

FIGS. 13A and 13B are graphs, respectively, each
showing an example of a light intensity distribution in
the third embodiment of the present invention.

FIGS. 14A and 14B are graphs, respectively, each
showing a further example of a light intensity distribu-
tion in the third embodiment of the present invention.

FIGS. 15A-15C are schematic views, respectively,
each showing a main portion of a fourth embodiment of
the present invention.

FIG. 16 is a schematic view of a main portion of a
fifth embodiment of the present invention.

FIG. 17 is a schematic view of a main portion of a
sixth embodiment of the present invention.

FIGS. 18A and 18B are schematic views for explain-
ing a portion of FIG. 17.

FIGS. 19A and 19B are schematic views for further
explaining a portion of FIG. 17.

FIGS. 20A-20C are schematic views, respectively,
each for explaining the state of incidence of light upon
a light entrance plane 10a of an optical integrator 10 of
FIG. 17.

FIG. 21 is a schematic view of an apertured stop.

FIG. 22 is a schematic view of a main portion of a
seventh embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a schematic view of an illumination device
and a projection exposure apparatus using the same,
according to an embodiment of the present invention.
In this embodiment, the invention is applied to a reduc-
tion projection type exposure apparatus, called a step-
per. This exposure apparatus can be used for manufac-
ture of microdevices such as semiconductor memories,
CCDs, liquid crystal panels or a magnetic head, for
example.

Denoted in the drawing at 1 is a light source such as
a high luminance ultra high pressure Hg lamp, for ex-
ample, for emitting ultraviolet light or deep UV light.
The light source 1 has its light emitting portion 1a dis-
posed adjacent to the first focal point of an elliptical
mirror 2.
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The light emanating from the light source 1 is re-
flected and collected by the elliptical mirror 2, and then
it is reflected by a cold mirror 3 by which an image 15
of the light emitting portion 1z (an image of the light
source) is formed in the neighborhood of the second
focal point 4 of the elliptical mirror 2. The cold mirror
3 has a multilayered film and it mainly serves to transmit
infrared light but to reflect ultraviolet light.

Denoted at 101 is an imaging system having two lens
systems 5 and 9. It serves to image the light source
image 15, formed in the neighborhood of the second
focal point 4, upon an entrance plane 10a of an optical
integrator 10 through the cooperation of an optical
device 8. The optical device 8 comprises a prism mem-
ber 6 having a conical prism, for deflecting received
light to a predetermined direction, and a parallel flat
plate 7 for projecting received light directly.

Denoted at 8a is a holding member by which the
prism member 6 and the parallel plate 7 of the optical
device 8 can be alternately and selectively placed on the
light path. When the parallel plate 7 is on the path, the
imaging system 101 is defined as a telecentric system on
the exit side. The optical device 8 is disposed in the
neighborhood of the pupil plane of the imaging system,
where the opening of the elliptical mirror is imaged.

The optical integrator 10 comprises a plurality of
small lenses which are arrayed two-dimensionally, and
it serves to define a secondary light source 10c in the
neighborhood of the exit surface 105 thereof. Denoted
at 11 is a stop member having a plurality of apertures.
The stop member is provided with a mechanism by
which the shape of an aperture on the light path can be
changed. To the secondary light source 10c, the stop
member 11 is disposed in such a region in which dis-
crete secondary light source elements do not overlap.

Denoted at 14a is a lens system for collecting the light
from the exit surface 105 of the optical integrator 10 and
for illuminating, through the stop member 11 and a
mirror 13 as well as a collimator lens 145, a reticle (sur-
face to be illuminated) 15 placed on a reticle (surface to
be illuminated) 15 placed on a reticle stage 16. The lens
system 14¢ and the collimator lens 145 constitute a
condensing lens system 14.

Denoted at 17 is a projection optical system for pro-
jecting, in a reduced scale, a pattern formed on the
reticle 15 upon the surface of a wafer 18 which is placed
on a wafer chunk 19. Denoted at 20 is a wafer stage on
which the wafer chuck 19 is mounted. In this embodi-
ment, with the condensing lens system 14, an image of
the secondary light source 10c formed in the neighbor-
hood of the exit surface 105 of the optical integrator 10,
is formed in the neighborhood of a pupil 172 of the
projection optical system 17.

Next, description will be made of the manner of
changing the light intensity distribution of the image of
the secondary light source, which image is formed at
the pupil plane 17a of the projection optical system 17,
in accordance with the present embodiment by chang-
ing the light intensity distribution at the light entrance
surface 10a of the optical integrator 10 through the
optical device 8.

FIGS. 2A and 3A each illustrate the light path from
the elliptical mirror 2 (FIG. 1) to the optical integrator
10, the path being extended. The mirror 3 is not shown
in FIG. 2A or 3A. The illustrations of FIGS. 2A-2C
and 3A-3C explain that the light intensity distribution
upon the entrance surface 10a of the optical integrator
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6
10 is changed by alternately selecting the elements 6 and
7 of the optical device 8.

FIGS. 2A-2C correspond to a case where the parallel
plate 7 of the optical device 8 is disposed on the light
path, whereas FIGS. 3A-3C correspond to a case
where the prism member 6 of the optical device 8 is
disposed on the light path.

The illumination system of FIG. 2A is adapted for a
first state of projection in which a very high resolution
is not required but in which a larger depth of focus is
assured. The illumination system of FIG. 3A is adapted
for a second state of projection in which a high resolu-
tion is required mainly.

FIGS. 2C and 3C each is a schematic representation
of a light intensity distribution upon the light entrance
surface 10a of the optical integrator 10. The zone de-
picted by hatching in the drawings denotes the region
of higher light intensity, as compared with the remain-
ing region. FIGS. 2B and 3B illustrate a distribution of
light intensity I along the X-axis direction (FIG. 2C or
30).

In FIG. 2A, the parallel plate 7 of the optical device
8 is disposed on the light path, and the light source
image 1b as formed at the second focal point 4 of the
elliptical mirror 2 is imaged by the imaging system 101
upon the light entrance surface 10a of the optical inte-
grator 10. Here, as seen in FIG. 2B, the light intensity
distribution in section upon the light entrance surface
10g of the optical integrator 10 has an approximately
Gaussian shape which is rotationally symmetric.

In FIG. 3A, the prism member 6 of the optical device
8 is placed on the light path, and the light source image
(point image) 15 formed at the second focal point 4 of
the elliptical mirror 2 is imaged, into a ring-like shape,
on the light entrance surface 10a of the optical integra-
tor 10 by the imaging system 101. The light intensity
distribution on the light entrance surface 10a¢ of the
integrator 10 has a ring-like shape such as shown in
FIGS. 3B or 3C wherein the light intensity is lower at
the optical axis portion but is higher at the peripheral
portion. Why this is so will now be explained below.

FIG. 4 schematically illustrates the disposition of the
parallel flat plate 7, the lens system 9 and the light en-
trance surface 10a of the optical integrator 10 of FIG.
2A. In this embodiment, these elements are so disposed
that the optical distance between the parallel plate 7 and
the forward principal point of the lens system 9 as well
as the optical distance between the backward principal
point of the lens system 9 and the light entrance surface
10z of the integrator 10 are, if the focal length of the
lens system 9 is denoted by fy, both equal to a distance
fo.

Here, the incidence height t;, from the optical axis, of
the light emanating from the parallel plate 7 with an
angle agand impinging on the light entrance surface 10a
is expressed as follows:

f1=firtan ap

If the height, from the optical axis, of the outermost
light passing through the parallel plate 7 is denoted by
So, then the angle 8 of incidence upon the light entrance
surface 10¢ of the integrator is given by:

B=tan~1(Se/fo)

It is seen therefrom that, by deflecting the angle of light
at the position of the parallel plate 7 (i.e., the forward
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focal plane of the lens system 9), it is possible to change
only the position of incidence of light upon the entrance
surface 10z of the optical integrator without changing
the angle of incidence.

Based on the optical principle described, in the pres-
ent embodiment, by interchanging the parallel plate 7
by the prism member 6 comprising a conical prism, the
light intensity distribution on the entrance surface 10a
of the integrator 10 is changed into a ring-like intensity
distribution having a lower intensity at the optical axis
portion and a higher intensity at the peripheral portion.

Since the light intensity distribution on the entrance
surface 10a of the integrator 10 corresponds to the light
intensity distribation of an effective light source which
is defined at the pupil plane 17z of the projection optical
system 17, by using the prism member 6 in place of the
parallel plate 7 such an effective light source having a
light intensity distribution having a lower intensity at a
central portion (optical axis portion) and a higher inten-
sity at a peripheral portion is defined on the pupil plane
of the projection optical system.

In this embodiment, the stop member 11 is provided
in the neighborhood of the exit surface 105 of the opti-
cal integrator 10. This stop member has a plurality of
apertures and is provided with a mechanism for chang-
ing, as desired, the aperture shape thereof. The aperture
shape which is variable is predetermined and it corre-
sponds to the shape of the secondary light source to be
formed at the pupil plane 17a of the projection optical
system 17. For example, the stop member may have a
ring-like aperture of a property for passing a larger
quantity of light at its peripheral portion than at its
central portion.

In this embodiment, the selection of the prism mem-
ber 6 of the optical device 8 singley or the selection of
the prism member 6 together with the changing of the
aperture shape of the stop member 11 in combination,
assures a desired shape of effective light source while
attaining a high efficiency of light utilization.

It is to be noted that the provision of the stop member
11 is not a requisition in this embodiment.

With the arrangement of this embodiment as de-
scribed above, for a reticle 15 pattern having a rela-
tively large minimum linewidth, the structure shown in
FIG. 2A is selected (like an illumination system of con-
ventional type), whereby a Gaussian shaped light inten-
sity distribution is provided at the enirance surface 10
of the optical integrator 10 (first state).

On the other hand, for a pattern having a relatively
small minimum linewidth, the structure shown in FIG.
3A is selected to provide a ring-like light intensity distri-
bution at the entrance surface 10a of the integrator 10.
Also, the aperture shape of the stop member 11 is
changed. By this, an illumination device for high resolu-
tion projection is assured (second state).

The insertion of the parallel plate 7 in the first state of
FIG. 2A is to minimize the difference in optical path
length between the lens systems 5 and 9, as compared
with that in the case where the prism member 6 is in-
serted in the second state. If the prism member 6 has a
small thickness or if a slight change in optical path
length between the lens systems 5 and 9 does not influ-
ence the optical performance of the optical integrator
10 or of any other optical elements following it, the
parallel plate 7 may be omitted.

FIGS. 5 and 6 are schematic representations for ex-
plaining the relationship of the incidence height
(heights t1 and t; from the optical axis) at the entrance
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8

surface 10a of the optical integrator 10, relative to the
position (exit heights S; and S;) and deflection angle
(a1 and ay) of light passing through the parallel plate 7,
where in the present embodiment the focal length f of
the lens system 9 constituting the imaging system 101 is
changed.

If in FIG. 5 the focal length of the lens system 9 is f3,
then t;=f) tana; applies. Also, in FIG. 6, if the focal
length of the lens system 9 is fa, then to=f; tana; applies.

It is seen from these equations that if the focal length
of the lens system 9 is made large then it is possible to
obtain, at the entrance surface 10a of the optical integra-
tor 10, an incidence position t; of desired height with a
small deflection angle a at the position of the parallel
plate 7. This means that if the focal length f of the lens
system 9 is made large then it is possible to make small
the angle of the prism member 6 (prism angle) in the
second state. This assures an imaging system 101 of
smaller aberration. Practically, in consideration of the
size of the prism member 6, the focal length of the lens
system 9 may be so set to define a prism angle of 5-20
deg.

The prism member 6 of the optical device of the
present invention is not limited to a conical prism. It
may have any shape provided that it has a function for
deflecting received light in a predetermined direction.
For example, pyramidal prisms such as shown in FIGS.
8A and 8B may be used.

FIGS. 7B and 8B schematically illustrate a light in-
tensity distribution on the entrance surface 10z of the
integrator 10 when the prism member such as shown in
FIG. 7A or 8A is used. The zones depicted by hatching
denote regions of higher intensity as compared with the
remaining region.

It is possible in the present invention to use three or
more types of interchangeable optical members such as
prisms and a paraliel plate, rather than only two optical
members of the prism 6 and the parallel plate 7 are
interchanged as in the present embodiment.

Further, the pyramidal prism such as shown in FIG.
7A may be rotated about the optical axis, for smoothing
with respect to time, to provide a ring-like light inten-
sity distribution such as shown in FIG. 3C.

Still further, the light source 1 may be displaced
along the optical axis concurrently with the interchange
of the prism member, to change the size of the higher
light intensity region.

FIG. 9 is a schematic view of a main portion of a
second embodiment of the present invention.

In this embodiment, as compared with the first em-
bodiment of FIG. 1, a half mirror 30 is disposed on the
light path at the position before (light source 1 side of)
the optical integrator 10, so that a portion of the light
from the imaging system 101 is directed to a photode-
tector 31 which may comprise a CCD or a quadrant
sensor. The remaining portion is of the same structure as
that of the first embodiment.

In this embodiment, the light intensity distribution at
the light entrance surface 10z of the optical integrator
10 is measured indirectly to monitor the same. This
allows adjustment of the imaging system 101 while
monitoring changes in light intensity and/or light inten-
sity distribution at the entrance surface 10a.

In this embodiment, 2 mechanism 60 for rotating the
optical member 6 about the optical axis or for shifting
the same with respect to the optical axis, may be used.
This provides the ability to change the light intensity
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distribution at the entrance surface 10q of the integrator
10 into a desired shape easily.

FIGS. 10A is a schematic view of a main portion of a
third embodiment of the present invention.

In this embodiment, as compared with the first em-
bodiment of FIG. 1, in addition to the insertion of the
prism member 6 into the light path, the lens system 9 is
replaced by a lens system 33 of a different focal length
which is disposed at the entrance face 10q side of the
optical integrator 10. The remaining portion is of the
same structure as that of the first embodiment.

In this embodiment, light is collected to a region
narrower than the entrance surface 10a of the integrator
10, and light intensity distribution of a desired shape is
obtained.

Referring now to FIGS. 11A, 11B, 12A and 12B, the
optical function of this embodiment will be explained.

FIGS. 11A-12B schematically illustrate the light
path from the optical device 8 (prism 6 and parallel
plate 7) to the integrator 10. FIGS. 13A, 13B, 14A and
14B show a light intensity distribution at the entrance
surface 10a of the integrator 10, defined by using the
prism member 6 or the parallel plate 7.

FIG. 11A shows the arrangement where, in the first
embodiment, a conventional type illumination is to be
done. Generally, the angle of light rays that can enter
the optical integrator is determined and, in the example
of FIG. 11A, the angle is 6;. Thus, the optical system
before the integrator 10 is designed so that the angle of
incidence upon the integrator 10 becomes not greater
than the angle 6. Here, in the light intensity distribution
at the entrance surface 10a of the integrator 10, the
degree of convergence is limited due to Lagrange’s
invariant. For example, it is not possible to improve the
degree of convergence beyond that of FIG. 13A. An
attempt to obtain a higher degree of convergence sim-
ply ends in that the angle of incidence upon the integra-
tor 10 goes beyond the angle 6.

FIG. 11B shows the state where, in the first embodi-
ment, the prism member 6 is inserted into the light path.
FIG. 13B shows a corresponding light intensity distri-
bution at the entrance surface 10a. Here, the maximum
incidence angle of the light upon the entrance surface
10a, at the point Sy, is 61 the same as in the FIG. 11A
example. However, the effective light angle of the light
that actually enters is 5.

As seen from FIG. 12A, with the provision of an
optical device 32 (which may comprise a prism or a
field lens) in front of the entrance surface 104q, it is possi-
ble to reduce the maximum incidence angle. FIG. 14A
shows a corresponding light intensity distribution at the
entrance surface 10a.

Here, since the maximum incidence angle is loosened,
by shortening the focal length of the optical system
from the prism 6 to the optical integrator it is possible to
obtain a higher degree of convergence. FIG. 12B shows
an example wherein the degree of convergence. FIG.
12B shows an example wherein the degree of conver-
gence is improved on the basis of such an optical princi-
ple just described. A corresponding light intensity dis-
tribution is shown in FIG. 13B. In the example of FIG.
12B, the prism member 6 has an enlarged prism angle so
as to obtain a light intensity distribution of a ring-like
shape.

In this embodiment, the insertion of the prism mem-
ber 6 as described causes shift of the angle of incidence
at the entrance surface 104 of the integrator 10 with the
maximum incidence angle being unchanged. By cor-
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10
recting such shift and optimizing the incidence angle,
the incidence angle is loosened. Thus, it becomes possi-
ble to increase the degree of convergence to the limit
where the incidence angle becomes equal to the critical
incidence angle.

Practical means for this end may be using a zoom
system for the optical system from the prism member 6
to the integrator 10; using interchangeable optical sys-
tems; provision of a prism (conical prism where the
prism member 6 comprises a conical prism; a pyramidal
prism where the prism member 6 comprises a pyramidal
prism) in front of the integrator 10; insertion of an
aspherical lens; or an appropriate combination of them.

FIGS. 15A-15C are schematic views of a portion of
a fourth embodiment of the present invention.

In this embodiment, as compared with the first em-
bodiment of FIG. 1, the position of the optical device 8
(the position of prism member 6 and/or parallel plate 7)
is shifted from the pupil of the imaging system 101 and
the focal length of the optical system 9 is changed, to
thereby converge the light intensity distribution at the
entrance surface 10z of the optical integrator 10. The
remaining portion is of the same structure as that of the
first embodiment.

In FIGS. 15A-15C, reference character P denotes
the pupil plane of the lens system 9. FIG. 15A shows the
first state of illumination in the first embodiment. The
angle of incidence upon the integrator 10 is 8. FIG. 15B
shows the second state of illumination in the first em-
bodiment, and the incidence angle is @ the same as in the
FIG. 11A example. Here, if the prism member 6 is
shifted from the pupil plane P and the beam diameter on
the plane P is reduced such as shown in FIG. 15C, then
it is possible to make the incidence angle 8’ smaller than
the angle 6; of the FIGS. 11A and 11B examples. In the
present embodiment, on this occasion, the focal length
of the lens system 9 is changed so as to assure that the
light intensity distribution at the entrance surface 10a of
the integrator 10 is collected and converged locally.

FIG. 16 is a schematic view of a main portion of a
fifth embodiment of the present invention.

In this embodiment, as compared with the first em-
bodiment of FIG. 1, the lens system 5 constituting the
imaging system 101 is omitted and the opening 2a of the
elliptical mirror 2 is imaged by the lens system 9 upon
the entrance surface 10a of the optical integrator 10.
Also, the optical device 8 is disposed in the neighbor-
hood of the second focal point of the elliptical mirror 2.
The remaining portion is of the same structure as that of
the first embodiment.

More specifically, in the embodiment of FIG. 1, an
image of the light emitting portion 1a of the light source
1is formed on the entrance surface 10a of the integrator
10, and the optical device 8 is disposed in the neighbor-
hood of the imaging position of the opening 2a of the
elliptical mirror 2 (the position of the image of the open-
ing 2a) which is between the light source 1 and the
integrator 10. )

In the present embodiment, as compared, the image
of the opening 2« of the elliptical mirror 2 is formed on
the entrance surface 10a of the integrator 10, and the
optical device 8 is disposed at the imaging position of
the light emitting portion 1a (the second focal point
position of the elliptical mirror 2) which is between the
light source 1 and the optical integrator 10.

Thus, in this embodiment, the forward focal point
position of the lens system 9 is placed substantjally at
the second focal point position of the elliptical mirror 2,
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and by the lens system 9, the light from the light source
image 1b at the second focal point is transformed into
substantially parallel light which is then directed to the
entrance surface 10z of the integrator 10. When the
prism member 6 is being inserted and if it is of the type
such as shown in FIG. 7A, four parallel lights from the
lens system 9 are projected on the entrance surface 10a
of the integrator 10.

FIG. 17 is a schematic view of a main portion of a
sixth embodiment of the present invention.

In this embodiment, as compared with the first em-
bodiment of FIG. 1, the optical device 8 comprises at
least two prism members 6a and 65 disposed along the
optical axis and, for changing the light intensity distri-
bution at the entrance surface 10z of the integrator 10,
namely, for rendering the illumination system into the
second state, the optical device 8 (prism members 6a
and 6b) is mounted on the optical axis and, additionally,
a portion of the lens system 9a constituting the imaging
system 101 is replaced by another lens system 9b so as to
reduce the incidence angle of an off-axis principal ray to
the entrance surface 10a. This is done for efficient utili-
zation of light.

In the illumination method of this embodiment, in the
first state the lens system 9a is placed on the light path
(the optical device 8 is not used), so at to provide a light
intensity distribution at the entrance surface 10z of the
integrator 10, that is, a light intensity distribution at the
pupil plane 17a of the projection optical system 17,
which distribution is of a rotationally symmetric shape
wherein the intensity is higher at the central portion
than at the peripheral portion.

The second state is defined by placing the optical
device 8 (prism members 6a and 65) on the light path
and by replacing the lens system 9a by the lens system
9b having a different focal length. This makes smaller
the angle of incidence of the principal ray upon the
entrance surface 10a of the integrator 10, whereby at
this entrance surface 10a, namely, at the pupil plane 17a
of the projection optical system 17, such a light intensity
distribution in which the intensity is higher in the pe-
ripheral portion than in the central portion is provided.

Structural features of this embodiment over the first
embodiment will be explained in more detail.

In FIG. 17, lens system 5 collects the light from the
light source image 15 formed in the neighborhood of
the second focal point 4, and it emits paralle]l light. The
imaging system 101 (lens systems 5 and 92) is telecentric
on the exit side. At least a portion of the collecting lens
14 is made movable along the optical axis, to adjust the
light intensity distribution on the reticle 15.

In this embodiment, in accordance with the orienta-
tion and/or the linewidth to be resolved of the pattern
of the reticle 15, for example, the lens system 92 which
is a constituent element of the imaging system 101 is
replaced by the optical device 8 (including two prisms
6a and 6b) and the lens system 95, to change the light
intensity distribution at the entrance surface 10z of the
integrator 10. Additionally, if necessary, the aperture
shape of the stop member 11 is changed to change the
light intensity distribution of the image of the secondary
light source which image is formed at the pupil plane
17a of the projection optical system 17.

Next, the manner of changing in this embodiment the
light intensity distribution on the entrance surface 10a
of the integrator 10 as well as the light intensity distribu-
tion of the image of the secondary light source to be
formed on the pupil plane 17a of the projection optical
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system 17, on the basis of the optical device 8, will be
explained.

FIGS. 18A through 19B each schematically illustrate
the light path from the elliptical mirror 2 to the optical
integrator 10 of FIG. 17, the path being extended. The
mirror 3 is not shown in Figure these figures. The illus-
trations of Figures these figures explain that the compo-
nents of the optical device 8 are interchanged to change
the light intensity distribution on the entrance surface
10z of the integrator 10.

FIG. 18A shows the state in which the lens system 9a
is placed on the light path. FIG. 19A shows the state in
which the lens system 92 is removed and, in place
thereof, the prism members 6a and 6b of the optical
device 8 and the lens system 95 are placed on the light
path.

The illumination system of FIG. 18A is in the first
state of projection in which a very high resolution is not
required but a large depth of focus is assured, as in the
illumination method of a conventional type. The illumi-
nation system of FIG. 19A is in the second state of
projection, according to the present invention, mainly
for attaining high resolution.

FIG. 18B and FIG. 19B each schematically shows a
corresponding light intensity distribution on the en-
trance surface 10¢ of the integrator 10. The zone de-
picted by hatching denotes the region of higher inten-
sity as compared with the remaining region. In these
illustrations, the distribution of light intensity I along
the X-axis direction are depicted.

FIGS. 20A, 20B and 20C are schematic representa-
tions, for explaining the light rays impinging on the
optical integrator 10, in the systems of FIGS. 18A and
19A. Reference characters +0 and —@ each denotes
the range (angle) of light rays that can enter the optical
integrator 10 (that can emerge from the integrator with-
out being eclipsed). A grid portion in each illustration
depicts the zone in which the light intensity is higher
than that of the light entering the integrator 10.

FIG. 18A shows the optical arrangement in ordinary
illumination. Here, the light intensity distribution at the
entrance face 10a of the integrator 10 is like a Gaussian
distribution such as shown in FIG. 18B. The incidence
angle thereof is such as shown in FIG. 20A. When in
this state the illumination for high resolution is to be
done, there may be a method in which a stop 121 having
an aperture 121a such as shown in FIG. 21 is inserted at
the back of or in front of the integrator 10. However,
with this method, only the light in the hatched zone of
the light intensity distribution of FIG. 18A, can be used
and, therefore, the illuminance decreases considerably.

In this embodiment, in consideration thereof, as
shown in FIG. 19A the lens system 9a is replaced by the
lens system 95 of smaller focal length (the optical com-
ponents are disposed so that, if the focal length of the
lens system 9b is fgp, the optical distance between the
prism 6a and the lens system 95 and the optical distance
between the lens system 95 and the entrance surface 10a
of the integrator 10 are both equal to fop), such that the
light intensity distribution as shown in FIG. 19B, is
provided at the entrance surface 10a of the integrator
10.

Additionally, the prism member 6b having an appro-
priate prism angle is inserted in front of the integrator
10, by which the incidence angle of light rays (incidence
angle of off-axis light) is made smaller such as shown in
FIG. 20C. This assures efficient impingement or en-
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trance of light into the integrator 10. Thus, almost all
the input light can be used for the illumination.

On the basis of the optical principle described above,
the present embodiment uses the optical arrangement
such as shown in FIG. 19A, by which illumination for
high resolution is assured without a substantial loss of
illuminance at the surface to be illuminated.

The prism member 6a or 65 of pyramidal shape pro-
vided within the imaging system 101 may have a shape
such as shown in FIG. 8, for example. Of course, it may
be a conical prism.

While the embodiment has been explained with refer-
ence to an example wherein the lens system 9z of FIG.
18A for ordinary illumination is replaced by the lens
system 95 of FIG. 19A for high resolution illumination,
the lens elements of the lens system 9a may be displaced
(like a zoom lens system) to define the same condition as
by the lens system 95. Only some of the lens elements
may be moved like a zoom lens system or, alternatively,
some lens elements may be replaced by different lens
elements.

The stop member 121 for high resolution such as
shown in FIG. 21 may be used as desired, or it may be
omitted. Further, while in this embodiment the focal
length of the lens system 9a is changed to change the
magnification of the imaging system 101, the focal
length of the lens system 5 may be changed. Alterna-
tively, both of the focal lengths of the lens systems 5 and
9 may be changed.

In this embodiment, there are cases wherein, in re-
sponse to the interchange of the ordinary illumination
(first state) and the illumination for high resolution (sec-
ond state), uniformness in illuminance (non-uniformness
of illuminance) upon the surface being illuminated
changes into axial symmetry. On that occasion, a por-
tion of the optical system 14 may be displaced along the
optical axis to change aberration such as distortion to
thereby correct for the axially symmetric non-uniform-
ness of illuminance upon the surface (reticle 15 surface)
to be illuminated.

While in the preceding embodiment the reticle 15
(surface to be illuminated) is disposed just after the
optical system 14, an additional imaging system may be
disposed between the optical system 14 and the reticle
such that a plane which is optically conjugate with the
reticle 15 surface with respect to the additional imaging
system may be illuminated.

FIG. 22 is a schematic view of a main portion of a
seventh embodiment of the present invention.

In this embodiment, as compared with the first em-
bodiment of FIG. 1, a half mirror 43 is disposed be-
tween the integrator 10 and the surface 15 to be illumi-
nated, so as to allow detection of the amount of expo-
sure of the surface being illuminated. The remaining
portion is of substantially the same structure as that of
the first embodiment.

In FIG. 22, denoted at 44 is the reticle pattern surface
or a plane which is optically conjugate with the reticle
pattern surface. Denoted at 45 is a pinhole member
which is disposed at a position optically conjugate with
the plane 44. Denoted at 33 is a photosensor (e.g., a
CCD or quadrant sensor).

With this arrangement of the present embodiment, it
is possible to monitor the effective light source distribu-
tion at the center of the surface being illuminated. Also,
in this embodiment it is possible to concurrently moni-
tor, with the photodetector 31, the amount of exposure
of the surface being illuminated.
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While in this embodiment the half mirror 43 is placed
between the lens system 13¢ and the collimator lens 145,
it may be disposed at any position between the integra-
tor 10 and the surface 15.
In accordance with the present invention, in consid-
eration of fineness and/or orientation of a pattern of a
reticle to be projected and transferred, an illumination
system suited to such pattern can be selected.
While the invention has been described with refer-
ence to the structures disclosed herein, it is not confined
to the details set forth and this application is intended to
cover such modifications or changes as may come
within the purposes of the improvements or the scope of
the following claims.
What is claimed is:
1. An illumination device, comprising:
secondary light source forming means having a de-
flecting member with a conical light deflecting
surface for transforming received light into sub-
stantially ring-like light, said secondary light
source forming means forming a ring-like second-
ary light source by using the ring-like light; and

an optical system for projecting divergent lights from
portions of the secondary light source obliquely
onto a surface to be illuminated so that the pro-
jected lights are superposed one upon another on
the surface.

2. A device according to claim 1, wherein said sec-
ondary light source forming means comprises a light
source, reflecting means for reflecting the light from
said light source and for forming an image of said light
source, an optical integrator, and an imaging optical
system for re-imaging the light source image, wherein
said imaging optical system includes parallelizing means
for transforming the light from the light source image
into substantially parallel light, and collecting means for
collecting the ring-like light from said deflecting mem-
ber substantially into a ring-like shape upon said integra-
tor.

3. A device according to claim 2, wherein said de-
flecting member is demountably mounted to the path of
light to be received.

4. A device according to claim 3, wherein said imag-
ing optical system comprises an optical system having a
variable imaging magnification.

5. A device according to claim 3, further comprising
means for moving said deflecting member in a direction
intersecting with the optical axis of said imaging optical
system.

6. A device according to claim 3, further comprising
means for rotating said deflecting member about the
optical axis.

7. A device according to claim 3, further comprising
a second light deflecting member for reducing the angle
of incidence of the ring-like light upon said integrator.

8. A device according to claim 7, wherein said second
light deflecting member comprises a prism having a
conical light deflecting surface.

9. A device according to claim 7, wherein said second
light deflecting member comprises a field lens.

10. An exposure apparatus for exposing a substrate to
a mask with light, said apparatus comprising:

secondary light source forming means having a de-

flecting member with a conical light deflecting
surface for transforming received light into sub-
stantially ring-like light, said secondary light
source forming means forming a ring-like second-
ary light source by using the ring-like light; and



5,345,292

15

an optical system for projecting divergent lights from
portions of the secondary light source obliquely
onto a surface to be illuminated so that the pro-
jected lights are superposed one upon another on
the surface. 5
11. An apparatus according to claim 10, wherein said
secondary light source forming means comprises a light
source, reflecting means for reflecting the light from
said light source and for forming an image of said light
source, an optical integrator, and an imaging optical
system for re-imaging the light source image, wherein
said imaging optical system includes parallelizing means
for transforming the light from the light source image
into substantially parallel light, and collecting means for
collecting the ring-like light from said deflecting mem-
ber substantially into a ring-like shape upon integrator.
12. An apparatus according to claim 11, wherein said
deflecting member is demountably mounted to the path
of light to be received.
13. An apparatus according to claim 12, wherein said
image optical system comprises an optical system hav-
ing a variable imaging magnification.
14. An apparatus according to claim 12, further com-
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prising means for moving said deflecting member in a

direction intersecting with the optical axis of said imag- 25
ing optical system.

15. An apparatus according to claim 14, further com-
prising means for rotating said deflecting member about
the optical axis.

16. An apparatus according to claim 14, further com-

prising a second light deflecting member for reducing

30

the angle on incidence of the ring-like light upon said
integrator.

17. An apparatus according to claim 16, wherein said
second light deflecting member comprises a prism hav-
ing a conical light deflecting surface.

18. An apparatus according to claim 16, wherein said
second light deflecting member comprises a field lens.
19. An apparatus according to claim 10, further com-
prising means for imaging a pattern of the mask onto the

35

substrate.

20. A device manufacturing method including a step

of exposing a workpiece to a mask, said method com-

prising the steps of:

projecting light onto a light deflecting surface of 45
conical shape to produce substantially ring-like
light;

forming a secondary light source by using the ring-
like light;

projecting lights from portions of the secondary light
source obliquely onto the mask so that the lights
are superposed one upon another on the mask.

21. A method according to claim 20, wherein a pat-

tern of the mask is imaged on the workpiece.

22. An illumination device, comprising:

a light source;

an optical integrator;

an imaging optical system for imaging said light
source, said imaging optical system including (i)
parallelizing means for transforming light from said
light source into substantially paraliel light, (ii) a
deflecting member having a light deflecting surface
of one of conical shape or pyramidal shape, for
receiving the light from said parallelizing means,
and (iii) light collecting means for collecting ring- 65
like light or a plurality of lights from said deflect-
ing member into a substantially ring-like shape or a
plurality of light spots upon said optical integrator;
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an optical system for projecting lights from portions
of a secondary light source formed by said integra-
tor obliquely upon a surface to be illuminated so
that the lights are superposed one upon another on
the surface; and
means for changing a positional relationship between
an apex of said light deflecting surface and the
optical axis.
23. A device according to claim 22, wherein said
deflecting member is demountably mounted to the path
of light from said light source.
24. A device according to claim 23, wherein said
imaging optical system comprises an optical system
having a variable imaging magnification.
25. A device according to claim 23, further compris-
ing means for rotating said deflecting member about the
optical axis.
26. A device to claim 23, further comprising a second
light deflecting member for reducing the angle of inci-
dence of the ring-like light or the plurality of lights
upon said integrator.
27. A device according to claim 26, wherein said
second light deflecting member comprises a prism hav-
ing a conical light deflecting surface.
28. A device according to claim 26, wherein said
second light deflecting member comprises a field lens.
29. An exposure apparatus for exposing a substrate to
a mask with light, said apparatus comprising:
a light source;
an optical integrator;
an imaging optical system for imaging said light
source, said imaging optical system including (i)
parallelizing means for transforming light from said
light source into substantially parallel light, (i) a
deflecting member having a light deflecting surface
of one of conical shape or pyramidal shape, for
receiving the light from said parallelizing means,
and (iii) light collecting means for collecting ring-
like light or a plurality of lights from said deflect-
ing member into a substantially ring-like shape or a
plurality of light spots upon said optical integrator;

an optical system for projecting lights from portions
of a secondary light source formed by said integra-
tor obliquely upon a surface to be illuminated so
that the lights are superposed one upon another on
the surface; and

means for changing a positional relationship between

an apex of said light deflecting surface and the
optical axis.

30. An apparatus according to claim 29, wherein said
imaging optical system comprises first image forming
means for reflecting light from said light source and for
forming an image of said light source, and second image
means for re-imaging the light source image, wherein
said second image forming means includes said parallel-
izing means, said deflecting member and said collecting
means.

31. An apparatus according to claim 29, wherein said
deflecting member is demountably mounted to the path
of light from said light source.

32. An apparatus according to claim 29, wherein said
imaging optical system comprises an.optical system
having a variable imaging magnification.

33. An apparatus according to claim 29, further com-
prising means for rotating said deflecting member about
the optical axis.

34. An apparatus according to claim 29, further com-
prising a second light deflecting member for reducing
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the angle of incidence of the ring-like light or the plural-
ity of lights upon said integrator.

35. An apparatus according to claim 34, wherein said
second light deflecting member comprises a prism hav-
ing a conical light deflecting surface.

36. An apparatus according to claim 34, wherein said
second light deflecting member comprises a field lens.

37. An apparatus according to claim 29, further com-
prising means for imaging a pattern of the mask onto the
substrate.

38. A device manufacturing method including a step
of exposing a workpiece to a mask with a light, said
method comprising the steps of:

projecting light to a light deflecting surface of conical

shape or pyramidal shape to form ring-like light or
a plurality of lights;

forming a secondary light source by using the ring-

like light or the plurality of lights;

wherein, in said projecting step and said secondary

light source forming step, the positional relation-
ship between an apex of the light deflecting surface
and the optical axis is changed to provide the sec-
ondary light source of a desired intensity distribu-
tion; and

projecting divergent lights from portions of the sec-

ondary light source obliquely upon the mask so
that the lights are superposed one upon another on
the mask.

39. A method according to claim 38, wherein a pat-
tern of the mask is imaged on the workpiece.

40. An illumination device, comprising:

a light source;

an optical integrator;

an imaging optical system for imaging said light

source, said imaging optical system including (i)
parallelizing means for transforming light from said
light source into substantially parallel light, (ii) a
first deflecting member having a light deflecting
surface of one of conical shape or pyramidal shape,
for receiving the light from said parallelizing
means, and (iii) light collecting means for coliect-
ing ring-like light or a plurality of lights from said
first deflecting member into a substantially ring-
like shape or a plurality of light spots upon said
optical integrator; and

an optical system for projecting lights from portions

of a secondary light source formed by said integra-
tor obliquely upon a surface o be illuminated so
that the lights are superposed one upon another on
the surface;

wherein said collecting means of said imaging optical

system includes a second deflecting member effec-
tive to reduce the angle of incidence upon said
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integrator of the ring-like light or of the plurality of s5

lights; and

wherein said first and second deflecting members are

provided in a pair demountably mounted.

41. A device according to claim 40, wherein said
imaging optical system comprises an optical system
having a variable imaging magnification.

42. A device according to claim 40, further compris-
ing means for moving said first deflecting member in a
direction intersecting with the optical axis of said imag-
ing optical system.

43. A device according to claim 40, further compris-
ing means for rotating said first deflecting member
about the optical axis.
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4. A device according to claim 40, wherein each of
said first and second deflecting members comprise a
prism having a conical light deflecting surface.

45. A device according to claim 40, wherein each of
said first and second deflecting members comprise a
prism having a pyramidal light deflecting surface.

46. A device according to claim 40, wherein said
second deflecting member comprises a field lens.

47. A device according to claim 40, wherein said
imaging optical system comprises first image forming
means for reflecting light from said light source and for
forming an image of said light source, and second image
forming means for re-imaging the light source image,
wherein said second image forming means includes said
parallelizing means, said deflecting member and said
collecting means.

48. An exposure apparatus for exposing a substrate to
a mask with light, said apparatus comprising:

a light source;

an optical integrator;

an imaging optical system for imaging said light

source, said imaging optical system including (i)
parallelizing means for transforming light from said
light source into substantially parallel light, (i) a
first deflecting member having a light deflecting
surface of one of conical shape or pyramidal shape,
for receiving the light from said parallelizing
means, and (iii) light collecting means for collect-
ing ring-like light or a plurality of lights from said
first deflecting member into a substantially ring-
like shape or a plurality of light spots upon said
optical integrator; and

an optical system for projecting lights from portions

of a secondary light source formed by said integra-
tor obliquely upon a surface to be illuminated so
that the lights are superposed one upon another on
the surface;

wherein said collecting means of said imaging optical

system includes a second deflecting member effec-
tive to reduce the angle of incidence upon said
integrator of the ring-like light or of the plurality of
lights; and

wherein said first and second deflecting members are

provided in a pair demountably mounted.

49. An apparatus according to claim 48, wherein said
imaging optical system comprises an optical system
having a variable imaging magnification.

50. An apparatus according to claim 48, further com-
prising means for moving said first deflecting member in
a direction intersecting with the optical axis of said
imaging optical system.

51. An apparatus according to claim 48, further com-
prising means for rotating said first deflecting member
about the optical axis.

52. An apparatus according to claim 48, wherein each
of said first and second deflecting members comprise a
prism having a conical light deflecting surface.

53. An apparatus according to claim 48, wherein each
of said first and second deflecting members comprise a
prism having a pyramidal light deflecting surface.

54. An apparatus according to claim 48, wherein said
second deflecting member comprises a field lens.

§5. An apparatus according to claim 48, wherein said
imaging optical system comprises first image forming
means for reflecting light from said light source and for
forming an image of said light source, and second image
forming means for re-imaging the light source image,
wherein said second image forming means includes said



5,345,292

19
parallelizing means, said deflecting member and said
collecting means.

§6. An apparatus according to claim 48, further com-
prising means for imaging a pattern of the mask on the
substrate.

57. A device manufacturing method including a step
of exposing a workpiece to a mask, said method com-
prising the steps of:

projecting parallel light on a first deflecting surface

of conical shape or pyramidal shape to produce
ring-like light or a plurality of lights;

projecting the ring-like light or the plurality of lights

to form a secondary light source;
wherein in said secondary light source forming step,
the ring-like light or the plurality of lights are de-
flected by a second deflecting surface to reduce the
angle of incidence thereof upon the plane; and

projecting divergent lights from portions of the sec-
ondary light source obliquely onto the mask so that
the lights are superposed one upon another on the
mask;

wherein the first and second deflecting surfaces are

provided in a pair demountably mounted; and
wherein the parallel light can be projected to an ap-

proximately central portion of the plane, when the

first and second deflecting surfaces are not present.

58. A method according to claim 57, wherein a pat-
tern of the mask is imaged on the workpiece.

59. An illumination device, comprising:

a light source;

an imaging optical system for imaging said light

source, said imaging optical system including (i)
parallelizing means for transforming light from said
light source into substantially parallel light, (ii) a
deflecting member having a light deflecting surface
of one of conical shape or pyramidal shape, for
receiving the light from said parallelizing means,
and (iii) light collecting means for collecting ring-
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like light or a plurality of lights from said deflect-
ing member into a substantially ring-like shape or a
plurality of light spots upon said optical integrator;

an optical system for projecting lights from portions
of a secondary light source formed by said integra-
tor obliquely upon a surface to be illuminated so
that the lights are superposed one upon another on
the surface; and

means for changing the positional relationship be-
tween an apex of said deflecting surface and the
optical axis.

60. An illumination device, comprising:

a light source;

an imaging optical system for imaging said light
source, said imaging optical system including (i)
parallelizing means for transforming light from said
light source into substantially parallel light, (i) a
first deflecting member having a light deflecting
surface of one of conical shape or pyramidal shape,
for receiving the light from said parallelizing
means, and (iii) light collecting means for colleci-
ing ring-like light or a plurality of lights from said
first deflecting member into a substantially ring-
like shape or a plurality of light spots upon a plane;
and

an optical system for projecting lights from portions
of a secondary light source formed by the light
from said first deflecting member, obliquely upon a
surface to be illuminated so that the lights are su-
perposed one upon another on the surface;

wherein said collecting means of said imaging optical
system includes a second deflecting member effec-
tive to reduce the angle of incidence upon said
plane of the light from said first deflecting surface;
and

wherein said first and second deflecting members are

provided in a pair demountably mounted.
* *x % * %



UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNO. : 5,345,292 Page _1 of _2
DATED ‘ September 6, 1994
INVENTOR(S) :

Takahisa SHIOZAWA, et al.

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

ON_THE COVER PAGE: (Item 56)

'~ UNDER "U.S. PATENT DOCUMENTS" :

"4,931,830 1/1990 Suwa et al." should read
--4,931,830 6/1990 Suwa et al.--.

"5,237,367 5/1993 Kudo" should read
--5,237,367 8/1993 Kudo--.

IN THE ABSTRACT: (Item 57)

Line 2, "device," should read --device--.

COLUMN 1:

Line 56, “corporation. Here" should read
-—-Corporation. Here--.

COLUMN 8:
Line 8, "t,=f, tana," should read --t,=f, tang,—-.
COLUMN 11:

Line 26, "at" should read --as--.




UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNO. : 5,345,292 Page _2_ of _2
DATED ° September 6, 1994
INVENTOR(S) * pakahisa SHIOZAWA, et al.

Itis certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

COLUMN 12:

Line 6, "Figure" should be deleted;
Line 7, "these figures" should read --18A and 19A--;
and

Line 54, "FIG. 19A" should read --FIG. 19A,--.

COLUMN 15:

Line 16, "integrator." should read --said
integrator.--;

Line 21, "image" should read --imaging--;

Line 32, "on" should read --of--; and

Line 49, "light;" should read --light; and--.

COLUMN 16:

Line 18, "device" should read --device according--;
and

Line 53, "image" (second occurrence) should read
--image forming--.

Signed and Sealed this
Fighteenth Day of April, 1995

BRUCE LEHMAN

Commissioner of Patents and Trademarks

Attesting Officer




